Abstract Using growth mixture modeling, two 12-month trajectories of unprotected sex were identified in 210 heterosexual men (76 % African American, M age = 33.2 years) attending a sexual risk reduction intervention. Risk Reducers (46 %) reported fewer acts of unprotected sex following intervention, whereas Risk Maintainers (54 %) reported continuously high levels of unprotected sex. These groups did not differ with respect to demographic characteristics or intervention type. However, Risk Maintainers were more likely than Risk Reducers to report lifetime sex work, forced sex in the past year, and alcohol use before sex at baseline. They had higher levels of peak alcohol use, poorer condom skills, and scored lower on stage of change for condom use at baseline. Risk Maintainers were also more likely to have steady partners at baseline and less likely to change partner status following intervention. Understanding factors distinguishing these groups can contribute to the development of targeted Risk Reduction interventions.
Introduction
More than one million people in the United States live with HIV [1] , with 56,000 new infections annually [2] . Additionally, an estimated 19 million new sexually transmitted infections (STIs) occur each year [3] ; rates of some STIs, such as Chlamydia, are increasing more rapidly among men than among women [4] . Interventions targeting sexual risk behavior are effective in increasing condom use and reducing unprotected sex, important steps toward reducing the number of new HIV and other STI infections [5, 6] .
To improve sexual risk reduction interventions, it is necessary to know who does and who does not reduce sexual risk behavior following intervention. Meta-analyses have investigated moderators of sexual risk reduction intervention effects [5, 6] ; these studies have found intervention effectiveness to differ based on demographic characteristics such as age [6, 7] and ethnicity [6, 8, 9] . In addition to demographic variables, sexual history often relates to changes in risk behavior following intervention. Previous research suggests that pre-intervention levels of sexual behavior may be associated with intervention success; indeed, past behavior is often the best predictor of future sexual behavior [10] [11] [12] [13] . In studies of patients at STI clinics, greater success has been found for interventions including more individuals diagnosed with STIs [6] . Additionally, a meta-analysis found interventions that included more participants who engaged in sex trading were more successful in reducing the number of sexual partners [14] .
Research also shows that substance use may interfere with intervention effectiveness. Experiments have shown that alcohol use interferes with safe sex negotiation skills and decreases safe sex intentions [15] , and both alcohol and drug use are related to increased levels of sexual risk behavior [16] . Additionally, psychological antecedents such as knowledge, attitudes, intentions, behavioral skills, and stage of change [17] , which are suggested by health behavior models [18, 19] , often predict sexual risk behavior [10, 19] and may be associated with intervention success. Finally, given the dyadic nature of sexual behavior [20] [21] [22] , partner characteristics may also influence who responds to an intervention [10] . For example, studies have found that individuals are less likely to use condoms with steady than casual partners [23, 24] .
Despite the importance of identifying intervention responders and non-responders, only one study has documented sexual risk trajectories following a risk reduction intervention. Beadnell et al. [25] determined risk trajectories for women participating in an HIV preventive intervention, identifying a risk eliminator group (14 % of women), a Risk Reducer group (53 %), and a high risk group (33 %). These groups were differentiated by sexual history, substance use, and partner characteristics. No study has identified risk-taking trajectories among heterosexual men. Therefore, the purposes of this study were to identify trajectories of unprotected sex for heterosexual men who attended an STI/HIV prevention intervention and to examine characteristics associated with decreases in risk behavior following intervention. This research included a high-risk population of men recruited from a publiclyfunded STI clinic. A wide variety of predictors suggested by previous research were examined, including demographics, sexual history, substance use, psychological antecedents (such as attitudes and behavioral skills), and partner characteristics.
Methods

Participants and Procedures
Participants were 210 heterosexual men (76 % African American; M age = 33.2 years) receiving care at a publiclyfunded STI clinic who attended an intensive sexual risk reduction intervention as part of a larger study [26, 27] . To be eligible to participate, these men reported: (a) that they were age 18 or older; (b) that they engaged in sexual risk behavior (e.g., had more than one sexual partner, had a partner with risk characteristics, or used condoms inconsistently) in the past 3 months; and (c) that they were willing to be tested for HIV. Patients were excluded if they were: (a) infected with HIV; (b) impaired (e.g., due to substance use); (c) receiving inpatient substance abuse treatment; or (d) planning to move out of the area within the next year.
Eligible patients who provided written consent were asked to complete an audio-computer assisted selfinterview (ACASI) on a laptop computer. Men in the current study then received STI testing and treatment; a brief, clinic-based sexual risk reduction intervention; and, within 2 weeks, an intensive intervention. All participants were reimbursed $60 for their time. At 3, 6, and 12 months post-intervention, participants completed an ACASI and were reimbursed $30. The protocol was approved by Institutional Review Boards of the participating institutions and, to protect participant privacy, a Federal Certificate of Confidentiality was obtained. Extensive details regarding the intervention are available elsewhere [26, 27] .
In addition to attending the intensive intervention, men included in the current analyses completed at least one follow-up assessment and self-identified as heterosexual. Of the 5,613 patients initially screened at the clinic, 2,683 (48 %) were eligible to participate and 1,483 (55 % of those eligible) agreed to participate. Of those who agreed to participate, 987 (67 %) were assigned to an intensive intervention, and 551 (56 %) of these individuals attended their assigned intervention. Of those attending interventions, 210 (38 %) were heterosexual men who participated in at least one wave of follow-up; these men constitute the current sample.
The intensive interventions required 4 h and were conducted at the STI clinic. Workshops were led by male and female co-facilitators (at least one of whom was AfricanAmerican and one of whom was a professional), who received training and ongoing supervision. Both interventions followed a detailed manual (available from the authors). One intervention was information-focused (e.g., information about HIV/STI transmission, prevention, testing, and treatment) whereas the other intervention involved information, motivational, and skills components, guided by the information-motivation-behavioral skills (IMB) model [28, 29] , and adapted from empirically-validated interventions [30] [31] [32] [33] [34] . Participants in these interventions reported fewer sexual partners, fewer episodes of unprotected sex, and a lower percentage of unprotected sexual events at 3, 6, and 12 month follow-ups than they did at baseline [26] . Previous analyses showed no differences between the two intervention conditions, and thus we combined participants in both conditions for the current analyses. Further information on these interventions is provided elsewhere [26, 27] .
Measures: Outcome
Unprotected sex (past 3 months) was assessed by asking participants how many times they had engaged in vaginal or anal sex without a condom, separately for steady and non-steady partners. Responses were summed to create a count of unprotected sexual events in the past 3 months.
Measures: Predictors
Demographic and Background Variables
At study enrollment, patients reported their age and indicated the racial or ethnic group with which they most closely identified. They also indicated their level of education, annual income, and whether they were currently employed using categorical response options.
Intervention Condition
Participants attended either an information-only intervention or an IMB intervention; a dummy variable indicated whether they had attended the information intervention.
Sexual History
Participants reported their age when they first had vaginal sex and the number of partners with whom they had sex in their lifetime. At study enrollment, patients were tested for STIs (including Chlamydia, gonorrhea, and trichomoniasis); a dummy variable indicated whether they tested positive. Participants reported the number of times in their lifetime they had engaged in sex in order to get money, drugs, food, or a place to stay and the number of times in their lifetime they had given someone else money, drugs, food, or a place to stay in exchange for sex; these variables were recoded to indicate whether each participant had ever engaged in sex for money or exchanged money for sex. Participants reported whether they had been forced to engage in sexual behavior during the past year. Childhood sexual abuse was coded based on a series of questions about childhood experiences; participants who reported oral, vaginal, or anal sex before age 13 with someone 5 or more years older, between ages 13 and 16 with someone 10 or more years older, or before age 17 involving force were considered to have experienced childhood sexual abuse.
Substance Use
Participants reported the largest number of alcoholic beverages they had consumed on any single day during the past 3 months. They also reported whether they had used eight illegal drugs in the past 3 months, and a variable was created indicating whether they had used drugs. Finally, participants reported the frequency with which they used alcohol and drugs prior to sex during the past 3 months with steady partners and other partners on a scale from ''never'' to ''almost always''; dummy variables indicated whether they ever did so.
Stage of Change
To assess individual readiness to change condom use [35] , participants indicated how they felt about using condoms every time with every partner on a scale from 1 (''I see no need to use condoms every time with every partner'') to 6 (''I have been using condoms every time with every partner for more than 6 months'').
Knowledge
HIV knowledge was assessed using the Brief HIV Knowledge Questionnaire [36] . Items assess knowledge about HIV transmission, condom use, and signs and symptoms of HIV (e.g., 'Can a woman get HIV if she has anal sex with a man?'). Participants responded by choosing ''yes,'' ''no,'' or ''I don't know.'' Correct responses were coded as 1 and incorrect or uncertain responses were coded as 0. Higher scores indicated greater knowledge (a = .79).
Condom Attitudes
Condom attitudes were assessed using five items (e.g., 'Sex with a condom can still be pleasurable') adapted from published scales [37, 38] . Response options ranged from ''strongly disagree'' to ''strongly agree.'' Items were averaged, with higher scores indicating more positive attitudes (a = .69).
Condom Use Intentions
Intentions were assessed using one item in response to a scenario: ''I would refuse to have sex if we didn't use a condom.'' Participants rated their intentions using a fourpoint scale ranging from ''definitely no'' to ''definitely yes.''
Behavioral Skills
Behavioral skills were measured using seven items (e.g., 'I refused to have sex with my partner unless a condom was used') from the Condom Influence Strategy Questionnaire [21] . Response choices were on a five-point scale ranging from ''never'' to ''almost always.'' Items were averaged, with higher scores indicating the use of more skills (a = .89).
Partner Characteristics
Participants reported whether they had a steady partner in the past 3 months. If they did have a steady partner, they reported whether they thought their partner had other partners, with response options of ''yes,'' ''no,'' and ''I don't know.'' This variable was recoded to indicate if the steady partner may have other partners (0 = no, 1 = yes or don't know). A variable was created indicating whether there was a change in partner status between baseline and follow-up points; participants were coded as having experienced a change in partner status if they reported a steady partner at baseline but not at some later point or no steady partner at baseline but a steady partner at some later point. Finally, participants reported whether they had been physically abused (hit, kicked, punched, or otherwise hurt) or threatened by a partner in the past year.
Data Management and Analysis
All variables were examined for univariate and multivariate outliers by inspecting box plots and examining the Mahalanobis distance statistic (d 2 ). Univariate outliers (i.e., those more than three times the interquartile range from the 75th percentile) were truncated to three times the interquartile range from the 75th percentile plus one [39] . Two multivariate outliers were identified and removed from the sample. Data that were non-normally distributed (i.e., unprotected sex, age, number of lifetime partners, peak alcohol consumption) were transformed using a natural log transformation. We made use of a full-information maximum-likelihood (FIML) estimator in Mplus (the ML estimator) [40] . The FIML approach provides reasonable estimates of standard errors with missing data [41] and allows for the use of all available data.
Growth mixture modeling (GMM) [42] in Mplus was used to identify trajectories of change over time. The outcome examined was the number of episodes of unprotected sex. GMM is a method for identifying unobserved groups using longitudinal data and provides an empirical basis for determining the number of classes that best fit the data. This method can divide a heterogeneous population into more homogeneous subpopulations [43] . Piecewise trajectories with separate slopes representing change from baseline to 3 months and from 3 to 12 months were utilized, because previous work had shown change to be greatest immediately following the intervention [26] . Model solutions were evaluated primarily on the basis of the Bayesian information criterion (BIC) [44, 45] , which performs better than other information criteria in identifying the appropriate number of latent classes [45] . Better fitting models are indicated by lower BIC values. A secondary indicator considered was the Lo-Mendell-Rubin adjusted likelihood ratio test (LMRT) [46] , which is used to compare a solution with more classes to one with fewer. A significant LMRT indicates that the target solution fits the data better than the solution with one fewer class. Following class assignment, t tests and v 2 tests examined differences between classes.
Results
Sample Characteristics
Descriptive statistics (Table 1) 
Missing Data
All men included in the current analyses completed a baseline assessment along with at least one wave of followup. None of the men were missing baseline reports of unprotected sex. Nineteen (9 %) were missing 3 month reports, 21 (10 %) were missing 6 month reports, and 43 (21 %) were missing 12 month reports. There were no differences in number of unprotected sex acts at baseline between those who provided data at all four time points (N = 149) and those who provided data at two or three time points (N = 61), t(208) = -1.13, p = .26. Men with some missing data were slightly younger than those without missing data, t(208) = -3.37, p = .001, and were less likely to be unemployed, v 2 (1) = 4.57, p \ .05. They were also more likely to identify as Latino, v 2 (1) = 5.30, p \ .05, or ''Other'' ethnicities, v 2 (1) = 17.81, p \ .001, and less likely to identify as Black, v 2 (1) = 4.30, p \ .05. Use of the FIML estimator allowed for use of all available data from men completing at least two assessments.
Risk Trajectories
GMM was used to examine the log transformed number of unprotected sex acts (past 3 months) measured at baseline (pre-intervention), 3, 6, and 12 months. The two-class solution had a lower BIC (2422.93) than did the one-class solution (2446.95); including a third class did not improve the BIC (2420.99; guidelines suggest a drop of at least 5 is necessary for the more complex model to be favored) [47] . Similarly, the LMRT indicated that the two-class solution improved fit over the one-class solution, LMRT = 43.41, p \ .001, and that a three-class solution did not improve on the two-class solution, LMRT = 22.31, p = .20. With both indicators in agreement, the two-class solution (Fig. 1) was selected as the best fitting model. Class 1 (''Risk Reducers,'' 46 % of the sample, n = 97) showed decreases in unprotected sex following the intervention, whereas Class 2 (''Risk Maintainers,'' 54 % of the sample, n = 113) maintained high levels of unprotected sex throughout the study. For Risk Reducers, repeated measures ANOVAs (Table 2) showed a significant decrease in unprotected sex acts between baseline and 3 months, followed by a significant increase between 3 and 6 months. This group reported approximately 10 unprotected sex acts over the past 3 months at baseline and 1 unprotected sex act following intervention (at 3 months); they had returned to 4 unprotected sex acts by 12 months. For Risk Maintainers, there was no significant change in number of unprotected sex acts over time (Table 2) ; they reported between 21 and 26 unprotected sex acts on average in the past 3 months throughout the study. There were significant differences in the number of unprotected sex acts between Risk Reducers and Risk Maintainers at all time points, including baseline (all p \ .001).
Predictors of Risk Trajectories
Group comparisons are detailed in Table 3 . 
Demographic Characteristics
No differences were observed between trajectory groups on age, race, education, income, or unemployment.
Intervention Condition
No differences were observed between trajectory groups in terms of intervention condition, with 63 % of Risk Reducers and 53 % of Risk Maintainers attending the information intervention.
Sexual History
Risk Maintainers were more likely than Risk Reducers (27 vs. 10 %) to have exchanged sex for money or drugs. They were also more likely to report forced sex during the past year (14 vs. 3 %). There were no differences between groups in age at first sex, number of lifetime sexual partners, history of exchanging money for sex, or childhood sexual abuse.
Substance Use
Risk Maintainers reported higher peak alcohol use during the past 3 months than did Risk Reducers (a mean of 5.02 vs. 4.13 alcoholic beverages in a single day). They were also more likely to report alcohol use prior to sex during the past 3 months (67 vs. 41 %). There were no significant differences in illegal drug use or the use of drugs prior to sex.
Psychological Characteristics
Risk Reducers scored higher than did Risk Maintainers in stage of change for consistent condom use and they reported higher levels of condom skills at baseline. The two groups did not differ in terms of condom attitudes, condom use intentions, or HIV knowledge (Table 2) .
Partner Characteristics
Risk Maintainers were more likely to report having a steady partner at baseline than were Risk Reducers (83 vs. 62 %). In contrast, Risk Reducers were more likely to report (a) that their steady partners may have other partners than Risk Maintainers (68 vs. 49 %) and (b) a change in partner status (i.e., a new steady partner or the loss of a steady partner) following the intervention than Risk Maintainers (67 vs. 41 %). There were no differences in terms of partner abuse or threat in the past year.
Discussion
Using data collected from a high-risk sample of men attending intensive sexual risk reduction interventions, we identified two risk trajectory groups for heterosexual men. One group (Risk Reducers, 46 % of the sample) changed behavior following the intervention, reporting lower levels of unprotected sex at 3, 6, and 12 months than at baseline. The other group (Risk Maintainers, 54 % of the sample) reported high levels of unprotected sex both before and after intervention, with no significant changes in unprotected sex throughout the study. There were no demographic differences between men in these two groups, and no differences based on the particular intervention they received. However, the groups differed in terms of sexual history, alcohol use, psychological characteristics, and partner characteristics. Tests were performed on log-transformed values, but untransformed values are reported for interpretability. Repeated-measures ANOVA tests change over time within each group. Different subscripts indicate significant differences between means according to Scheffe post hoc tests
Men in the Risk Maintainers group were more likely to report having engaged in sex work and forced sex in the past year than men in the Risk Reducers group. This finding is consistent with studies identifying sex work [48] [49] [50] and rape [51, 52] as predictors of risky sexual behavior, although most studies of these factors have focused on heterosexual women or gay men. Additionally, a study examining risk trajectories for women found that those with consistently high risk were more likely to have recent paying partners and to have been raped as adults [25] . Our results suggest that sex work and rape are also risk factors for heterosexual men, and that the presence of these factors might indicate the need for more intensive or tailored risk reduction interventions to address these participant characteristics and life experiences.
Men in the Risk Maintainers group also reported higher levels of alcohol use and a greater co-occurrence of alcohol use and sex than men in the Risk Reducers group. Substance use has frequently been identified as an important factor in HIV risk behavior [15, 16, 53] . Beadnell et al. [25] found that high risk women also reported higher levels of alcohol use than did women responding to a risk reduction intervention; our results suggest that the same pattern is evident for men. Alcohol use may interfere with implementation of skills learned in interventions-for example, alcohol myopia theory suggests that intoxication will make individuals more likely to practice unsafe sex when impelling cues (e.g., attractive partners) are present [54] . In the context of an intervention, alcohol use may also adversely affect motivation to change behavior or information processing.
In terms of psychological characteristics, men in the Risk Reducers group were more ready to use condoms consistently and reported higher levels of behavioral skills at baseline. Stronger readiness to change [55] and better behavioral skills [19] often positively correlate with condom use. Additionally, behavioral skills are frequently targeted by interventions [5, 19] . Our results suggest that baseline readiness to change and behavioral skills may differentiate those who show changes in risk behavior following an intervention and those who do not. Unfortunately, those who are less ready to change and possess fewer skills-presumably those most in need of intervention-may need more than a traditional sexual risk reduction intervention.
Finally, men in the two trajectory groups reported different partner characteristics. Risk Reducers were less likely to report steady partners at baseline, more likely to report that their steady partners may have other partners, and more likely to change their partner status over the course of the study than Risk Maintainers. This pattern suggests that partner characteristics influence men's sexual risk behavior following a risk reduction intervention. Studies have found that individuals are less likely to use condoms with steady than casual partners [23, 24] . Men with steady partners may not believe they are at risk for HIV or STIs [56] ; such men may be less likely to change their behavior following an intervention. Men who have steady partners might also have a harder time implementing what they learn in interventions because they may have established patterns of behavior with their partners and introducing condom use may undermine trust. Ending an existing relationship or beginning a new relationship may provide a ''fresh start,'' allowing men to begin using condoms more consistently [57] . These results also suggest that men who recognize their vulnerability (e.g., men who know their steady partners have other partners) might protect themselves more consistently and be more likely to reduce the amount of unprotected sex in which they engage following an intensive intervention. Although STI testing and mutual monogamy may serve as an alternative method of risk reduction, very few men in our sample (N = 11, 5 %) reported a single partner who did not have other partners and who they believed to be HIV negative. Therefore, increasing condom use among men with steady partners should remain a goal.
These findings have important implications for intervention development. Nearly half of men showed reduced levels of unprotected sex following an intensive intervention. However, the other half of our sample showed no reduction in sexual risk behavior over time. These men were also those higher in risk initially, and they were differentiated by a number of risk factors, including a history of sex work and forced sex and substance use. Men with these risk factors may need specially targeted (and/or more intensive) interventions. For example, it may be helpful to add a substance use component to sexual risk reduction interventions-some research has found that a substance use intervention alone may reduce sexual risk behavior [31, 58, 59] , while other studies have found success for combined interventions targeting both sexual and alcoholrelated risk-taking [60] .
Risk Maintainers were also differentiated from Risk Reducers by a variety of partner characteristics. That Risk Maintainers were more likely to report steady partners and less likely to change partner status during the study suggests that interventions may need to provide additional guidance for increasing safer sex behavior with established partners or include partners in intervention activities, moving beyond purely individual-level theories and interventions [61] . Further research is needed to determine the types of interventions that would benefit men who do not change behavior following typical sexual risk reduction interventions.
This study had several limitations. First, the current analyses included only heterosexual men from a high-risk sample recruited at a community STI clinic. This population is important to focus on, given that many previous studies have focused on women [25] or gay men [62] . However, results from this sample cannot be generalized to all men. Second, risk trajectories were based only on number of unprotected sexual acts. Unprotected sexual acts are believed to be a valid measure of risk [63] , but there are alternative measures of sexual risk (e.g., number of partners) that future studies might consider. Third, the changes in sexual risk behavior observed among the Risk Reducers cannot definitively be attributed to their participation in the intervention; any one of a number of factors, such as the time and attention they received from participating in a study, receipt of sexual health services at the clinic, or the fact that they were less risky at baseline and were perhaps already in the process of reducing their risk at enrollment, could have led to the reduction in sexual risk behaviors we observed in that group.
In conclusion, this study uses GMM to identify risk trajectories for heterosexual men following attendance at an intensive risk reduction intervention, building on previous studies that have identified risk trajectories for women [25] . Results suggest that some men show reduced risk behavior following intervention, while others maintained high levels of risk behavior over time. Consideration of baseline characteristics differentiating those who change behavior and those who do not may help in designing more effective interventions for men.
